Diabetic ketoacidosis (DKA) has been the hallmark of a life-threatening medical emergency for poorly controlled or newly diagnosed type 1 diabetics. In the last two decades, this traditional association has been challenged with increasing reports of type 2 diabetics presenting with DKA. We report the case of a 75-yearold woman with known type 2 diabetes who presented in DKA and was found to have pancreatic adenocarcinoma. A link between diabetes mellitus and pancreatic cancer has been investigated, but the literature remains inconclusive as to whether diabetes mellitus (DM) is a cause or result of pancreatic cancer or simply the confluence of two common entities. Previous case reports of pancreatic tumors presenting with DKA all represented neuroendocrine tumors. Adenocarcinoma of the pancreas should be considered in the list of precipitants for DKA in type 2 DM.
INTRODUCTION
Diabetic ketoacidosis (DKA) was classically considered to occur only in persons with type 1 diabetes mellitus. Hyperglycemia in type 2 diabetes was thought to lead only to hyperosmolar hyperglycemic state (HHS) without ketosis. However, a retrospective review found that among adult patients presenting with DKA, 47% had known type 1 diabetes, 26% had known type 2 diabetes and 27% had newly diagnosed diabetes 1 . Of those with newly diagnosed diabetes, one quarter did not require insulin 12 months later. The occurrence of DKA in type 2 diabetics is commonly associated with conditions of extreme stress but there is no correlation between a particular precipitant and the development of DKA or HHS. The leading causes for the development DKA are inadequate insulin treatment or non-adherence to therapy, followed by new onset diabetes. Acute illnesses and some drugs are also significant causes. In one study 1 , 24% of patients presenting with DKA had no clear identifiable cause, and "stress" was considered the precipitant. This case reports an older woman with known type 2 diabetes who presented in DKA with a history of several days of confusion and vomiting. CT imaging and biopsy showed a large pancreatic adenocarcinoma. To our knowledge, this is the first case of pancreatic adenocarcinoma presenting with DKA and it raises the question of a relationship between DKA, type 2 diabetes and pancreatic cancer.
Case Description
A 75-year-old woman with a 15-year history of type 2 diabetes mellitus, hypertension, hypercholesterolemia, and gastroesophageal reflux disease was admitted with confusion and vomiting. Three days prior to admission, her family noted that she was intermittently confused, had occasional vomiting episodes, and had refused to eat. There was no history of polyuria, polydipsia or diarrhea. For two months prior to admission, she reported a 10-15 pound weight loss, suprapubic discomfort, anorexia and malaise. An upper endoscopy showed changes consistent with Barrett's esophagus. Colonoscopy and abdominal CT were scheduled but not completed prior to admission.
Her diabetes had been well controlled (HbA1c 6-7%) while taking oral hypoglycemic agents (metformin, glipizide and pioglitazone) for several years. One year prior to admission, her primary care physician noted that her blood sugar was elevated despite being adherent to her medications. Insulin (Levemir) was added 6 months later, but adequate glucose control was not achieved. She did not have a history of gallstones or pancreatitis. She was a non-smoker, non-drinker, and she lived alone. She had no family history of diabetes mellitus.
On presentation to the emergency room, she was lethargic. Blood pressure was 167/98 mmHg, heart rate 97 beats per minute, respiratory rate 18 breaths per minute and oxygen saturation 97% on room air. She had dry mucous membranes and decreased skin turgor. Breath sounds were present and equal bilaterally, without crackles or wheezes. Heart sounds were normal with a systolic ejection murmur at the left sternal border. Her abdomen was soft and non-distended, with mild suprapubic tenderness, no masses, and normal bowel sounds.
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On neurological examination, the patient was disoriented to place and time. She was able to move all four extremities. There were no focal neurologic signs.
Admission laboratory data showed blood glucose of 450 mg/dl, urinary ketones of 150 mg/dL, and small acetone level in blood. Urinalysis and microscopic examination was negative for nitrite or leukocyte esterase with 0-2 white blood cells and moderate squamous epithelial cells. There was also glucosuria (1000 mg) and mild proteinuria (25 mg/dL). Arterial blood pH revealed metabolic acidosis (pH 7.28) with an anion gap of 25. There was a mild leukocytosis of 11. The patient declined further treatment and was discharged home with pain medication, insulin (Levemir) 30 units daily and home hospice service. She died three months later in inpatient hospice.
DISCUSSION
DKA is less common in type 2 diabetics compared to type 1 diabetics because these patients are thought to be insulin resistant rather than insulin deficient. When it occurs, common precipitating factors are discontinuation of medication, infection, myocardial infarction, inadequate insulin therapy, or newly diagnosed diabetes. Our patient had pancreatic cancer, profound weight loss and poor nutrition. Although these factors clearly constitute acute stress and may have predisposed and contributed towards her decompensation, none of them individually are usually considered precipitants of DKA.
We will review what is known about type 2 diabetics and DKA, and discuss the relationship between DKA, diabetes, and pancreatic cancer.
Pathophysiology and Mechanism of DKA in Type2 Diabetics
An underlying deficiency of insulin, with elevation in counterregulatory hormones, is found in DKA. There are three proposed mechanisms of DKA in type 2 diabetics: 1) Insulinopenia, 2) Elevation of counter regulatory stress hormones, and 3) Increase in free fatty acids. Some authors/studies believe that only the first one of these, insulinopenia, is significant in type 2 diabetics.
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In the largest study of DKA in type 2 diabetics, Linfoot 2 found, using c-peptide concentration as a marker for insulin, a significant decrease in plasma c-peptide concentration at the time of DKA presentation in type 1 diabetics and ketosis-prone type 2 diabetics. The stressors precipitating DKA have been postulated to cause a relative rather than a definitive deficiency of insulin. Possible causes for this relative insulin deficiency include impairment of insulin secretion due to chronic exposure of insulin secreting or islet cells to high levels of glucose of free fatty acids. 3 Additional causes are hypokalemia, which can impair insulin secretion, and prolonged fasting, which increases the rate of ketosis, and may decrease insulin secretion. Intensified diabetic management in type 2 diabetics with DKA results in significant improvement in beta-cell function and insulin sensitivity which later leads to insulin discontinuation. 1, 4 Although elevation of counter-regulatory stress hormones and free fatty acids are postulated mechanisms, Linfoot 2 found that the plasma concentrations of the stress hormones and free fatty acids were not significantly different in ketosis prone, and non ketosis prone, type 2 diabetics. Thus he believed the predominant mechanism for ketosis in these patients is the deficiency or decrease in insulin secretion. Unfortunately c-peptide was not measured in our patient, and therefore we can only hypothesize about the possible role of insulinopenia in the development of her DKA. However, it is hard to ignore the possible role of counter regulatory hormones in our patient with a poor oral intake and the stress of a large tumor burden. Simple starvation ketosis could have been a contributing factor to ketoacidosis. However when ketosis is associated with starvation, it is usually mild, without hyperglycemia, and with a plasma bicarbonate level in the minimally low or normal range, thus making starvation ketosis a less likely precipitating factor in our patient.
Relationship between DM and Pancreatic Cancer
DKA as a presentation of pancreatic tumors has only been documented with glucagon-secreting pancreatic islet cell neoplasm and somatostatinomas, which are rare. 5, 6 Pancreatic adenocarcinoma is not known to be a presentation, complication or cause of DKA. However, the relationship between diabetes and pancreatic cancer is controversial. While some investigators assume that long standing type 2 diabetes predisposes to pancreatic cancer 7, 8 , a recent study showed that in many pancreatic cancer patients, glucose intolerance and new onset diabetes occurs at the initial presentation.
9,10
The evidence for diabetes as a cause of pancreatic cancer is based on limited animal studies. It has been postulated that prolonged exposure to hyperinsulinemia stimulates the growth of pancreatic cancers via the insulin receptors found on the pancreatic cells. [11] [12] [13] In humans, the link between diabetes and pancreatic cancer is based primarily on a temporal relationship. A metaanalysis 9 showed that individuals diagnosed with diabetes had a 50% greater risk of pancreatic malignancy in the 4 years following diagnosis compared with individuals who had diabetes for more than 5 years. When looking at individuals with pancreatic cancer, diabetes is diagnosed within the previous 5 years up to 40% of the time. These are intriguing, but inconclusive linkages, and do not apply to our patient who had diabetes for 15 years prior to presentation with pancreatic cancer. Thus despite the numerous studies performed to elucidate the relationship between these two diseases, there is no conclusive evidence regarding cause and effect.
14 Additional efforts to examine the relationship between diabetes and pancreatic cancer have looked at glucose metabolism and insulin response. Peripheral insulin resistance and concurrent impairment of beta cell response to glucose are suggested as primary mechanisms for diabetes in pancreatic cancer. 15, 16 Insulin-receptor binding and cellular glucose transportation were impaired in patients with pancreatic cancer.
Reduced glycogen synthesis and storage in skeletal muscle, contributing to hyperglycemia has also been observed. 17 This hypothesis was further supported by a clinical study 18 which
showed that the baseline C-peptide level in patients with pancreatic adenocarcinoma was higher than normal. After tumor resection, there was improvement of insulin sensitivity and diabetes status. 17 The simple loss of normal functioning pancreatic mass has always been a consideration in the genesis of diabetes. Pancreatogenic diabetes has been described in patients with pancreatic resection secondary to chronic pancreatitis or acute fulminating hemorrhagic pancreatitis, with nearly 100% of patient developing diabetes after 80-95% pancreatectomy. 19, 20 It has been argued that cancer, local tumor invasion, beta cell destruction, duct obstruction and fibrotic pancreatitis can contribute to the development of glucose intolerance and diabetes. However, because islet cells surrounding tumor have the appearance of normal pancreatic islet cells, because only 15-20% of the beta cell mass is required to maintain a non-diabetic state, and because a small pancreatic adenocarcinoma can also cause hyperglycemia in cancer patients, 17 these hypotheses regarding the cancer-diabetes link remain unproven. DKA can result from a significant loss of beta cell and pancreatic polypeptide (PP)-secreting cells. PP cells are primarily located in the ventral pancreatic head and uncinate process. These cells inhibit exocrine pancreatic secretion and gallbladder contraction and act as hormonal mediators of glucose metabolism. Deficiency of PP cells is associated with hepatic resistance to insulin and inappropriate hepatic glucose production, contributing to persistent hyperglycemia. 19 Our patient had a large mass in the tail of the pancreas and atrophy of the head and body, which could have caused a decrease in pancreatic polypeptide cell secretion and a decrease in beta cell mass with consequent decreased insulin secretion. Two other postulated mechanisms, islet cell dysfunction 21, 22 and diabetes as a paraneoplastic phenomenon [23] [24] [25] [26] , have been offered to explain the temporal link between diabetes and pancreatic cancer. Despite the preservation of endocrine pancreatic function after a large loss of pancreatic islets, there is minimal increase in C-peptide concentration after intravenous glucagon stimulation in pancreatic adenocarcinoma patients. 22 This suggests that insulin release in response to glucose stimuli is reduced in these patients. Additional evidence for dysfunctional islet cells includes a delay in proinsulin maturation 27 and increased amylin (islet amyloid polypeptide) secretion in pancreatic cancer patients. 28 The suggestion that diabetes could be a paraneoplastic phenomenon comes from animal models in which pancreatic cancer cells secreted non-immunological mediators that interfered with glucose metabolism, amylin secretion, and peripheral action of insulin. 24, 25 In our patient, her longstanding diabetes prior to the development of DKA with recently poorly controlled diabetes mellitus may be consistent with the undiagnosed pancreatic cancer. Despite the large tumor mass upon presentation, the change in her diabetic pattern and pancreatic failure are likely secondary to intrinsic mechanisms, rather than the local effect of the tumor. Transient insulinopenia, peripheral insulin resistance and beta cell dysfunction secondary to the presence of pancreatic cancer may have contributed to the persistent hyperglycemic state. The associated stress of poor nutrition, profound weight loss and large tumor burden may have predisposed her metabolic decompensation and led to DKA.
CONCLUSION
DKA is no longer exclusively associated with type 1 diabetics. While the majority of patients presenting with DKA are type 1 diabetics, a minority will be patients with type 2 diabetes. In many of these patients, an obvious precipitant will be found. Considering pancreatic cancer in both newly diagnosed and known type 2 diabetics presenting with DKA without obvious precipitant(s) may be appropriate. This case also raises the possibility of pancreatic cancer related pancreatic failure, paraneoplastic syndrome, and cachexia with starvation ketosis, as contributory factors in the development of DKA in this setting. Summary 
